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Noninvasive investigation of autonomic activity
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Objective: Carotid artery stenting (CAS) has been introduced as an alternative to carotid endarterectomy (CEA) for the
treatment of carotid artery stenosis. Both techniques seem to be associated with postoperative hemodynamic lability.
Both may induce baroreceptor dysfunction, possibly leading to transient impairment of cardiovascular autonomic activity
and resulting in hemodynamic instability. This instability might contribute to postoperative morbidity. To elucidate
these phenomena, we studied the cardiac baroreflex and autonomic cardiovascular control after CAS and CEA.
Method: In 20 patients scheduled for CAS (n 10) or CEA (n 10), intra-arterial pressures and electrocardiograms were
recorded during 10 minutes before and 8 and 24 hours after the procedure. Spontaneous cardiac baroreflex sensitivity was
assessed using the sequence method and cross-spectral analysis. In addition, cardiovascular autonomic activity was
investigated using spectral analysis of heart rate variability and systolic arterial pressure variability.
Results: After CAS, we demonstrated an increase of the spontaneous baroreflex sensitivity median (interquartile range)
from 5.6 (5.1 to 6.2) ms/mm Hg before the procedure to 8.8 (6.8 to 10.5) ms/mm Hg and 7.7 (3.9 to 8.6) ms/mm Hg
(P < .001), 8 and 24 hours after the procedure. This was consistent with the increase of the high frequency component
of heart rate variability reflecting cardiac parasympathetic activity and a decrease of the low frequency of systolic arterial
pressure variability reflecting sympathetic vascular activity. The postoperative period was also associated with decreased
systolic arterial pressure from 173 (162 to 190) mm Hg at baseline to 122 (109 to 143) mm Hg and 136 (121 to 143)
mm Hg at 8 and 24 hours after CAS (P < .001). No changes in baroreflex sensitivity or in autonomic activity were
observed after CEA.
Conclusions: These preliminary data suggest that CAS is associated with parasympathetic predominance postoperatively
and may probably explain the lower systolic arterial pressure observed after CAS. (J Vasc Surg 2006;44:472-9.)Carotid endarterectomy (CEA) is more effective than
medical management in the prevention of stroke in patients
with atherosclerotic carotid artery stenosis.1 Carotid artery
stenting (CAS) is an acceptable alternative to CEA for
patients at high surgical risk, with intermediate results
comparable with conventional surgery.2-4 After both tech-
niques, however, hemodynamic instability (hypertension,
hypotension, and bradycardia) has been reported and at-
tributed to a transient dysfunction of the baroreflex sys-
tem.5-8 After CEA, the surgical denervation of the carotid
sinus nerve or the removal of atheromatous plaque might
induce dysfunction of carotid artery baroreceptors, leading
to depression or stimulation of baroreflex effectors.8 After
CAS, the stretching of the sinus baroreceptors may also
induce dysfunction of baroreflex system leading to hemo-
dynamic instability.6
The baroreflex is the most important regulatory mech-
anism in the short-term control of blood pressure and heart
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472rate and operates through the autonomic nervous system.
The baroreceptors are stretch receptors located in the ca-
rotid sinus. Stimulation of carotid artery baroreceptors
associated with aortic baroreceptors modulates blood pres-
sure by reciprocal changes in vagal and sympathetic neural
activity (ie, increase in parasympathetic and decrease in
sympathetic activity).
The baroreflex can be defined using signal-response
curves. The signal is the level of systolic arterial pressure and
the response is studied in terms of heart rate variations. The
ratio between the reflex response and the stimuli represents
the reflex sensitivity or gain. Spontaneous cardiac barore-
flex sensitivity (SBRs) can be estimated from continuous
blood pressure and heart rate recordings using the se-
quence method or the cross-spectral method.9,10 In addi-
tion, spectral analysis of blood pressure variability (SAPV)
and heart rate variability (HRV) allows for noninvasive
assessment of sympathetic vascular activity and parasympa-
thetic and sympathetic control on the sinus node.9 We
assessed the possible postoperative dysfunction of the
baroreflex system after the treatment of carotid stenosis by
using these noninvasive methods to investigate the cardiac
baroreflex and the autonomic cardiovascular control in the
first 24 hours after CAS and CEA.
MATERIALS AND METHODS
A cohort of 20 patients (with 70% symptomatic or
80% asymptomatic internal carotid artery stenosis) sched-
uled for CAS or CEA was studied. Six patients had a history
of transient ischemic attacks. Patients with atrial fibrillation,
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or an artificial pacemaker were excluded. Cardiovascular
medications such as -blockers, calcium-channel inhibi-
tors, and angiotensin-converting enzyme (ACE) inhibitors
were not discontinued before the procedure. Our institu-
tional review board approved the study, and written in-
formed consent was obtained from each patient.
The choice between CAS and CEA was made case-by-
case after discussion with the medical staff, including sur-
geons, radiologists, and anesthetists. Briefly, CAS was con-
sidered in all patients except those presenting with one of
the following: heavily calcified or ulcerated carotid lesions,
floating thrombus, or tortuous vessels. CEAwas performed
when CAS was not deemed advisable.
All procedures were performed in the operating room.
All patients were premedicated with oral hydroxyzine
(1 mg/kg). Patient monitoring was standardized and con-
sisted of continuous electrocardiogram (ECG), pulse oxim-
etry, and invasive arterial (radial artery) blood pressure
monitoring.
CAS was performed under inguinal local anesthesia
done by the surgeon. Self-expandingWallstent stents (Bos-
ton Scientific, Natick, Mass) were used and introduced via
the femoral artery. A heparin bolus of 100 IU/kg was given
intravenously. Carotid stenting was performed without ce-
rebral protection devices. No predilatation was necessary.
No prophylactic atropine was used during the balloon
inflation to prevent bradycardia or asystole.
CEA was performed under cervical plexus block with 30
mL of an equal mixture of 0.5% bupivacaine and of 2%
lidocaine.11 No supplemental direct infiltration was needed.
The common carotid artery, its bifurcation, and the inter-
nal and external carotid were dissected and separated from
the internal jugular vein and the vagus nerve. After admin-
istration of heparin (50 IU/kg), the arteries were clamped.
The atheromatous plaque was excised from inside the artery
via a longitudinal arteriotomy incision. The arteriotomy
was closed with a patch (InterVascular, La Ciotat, France)
and the clamps were removed. No shunt was used, because
no patients became symptomatic with internal carotid ar-
tery clamping. All the procedures were performed by the
same vascular surgeon (J. P. B).
Postoperatively, all patients were observed in the post-
anesthesia care unit for at least 24 hours. Heart rate and
blood pressure were continuously monitored throughout
the perioperative period. Hypotension (systolic arterial
pressure 90 mm Hg) was treated with an intravenous
bolus of ephedrine or by continuous infusion of norepi-
nephrine in both groups. However, all recordings were
performed at least 2 hours after discontinuation of these
drugs. Postoperative pain was controlled with intravenous
paracetamol or tramadol.
All patients were neurologically examined before and
after the procedure by the surgeon assessing them. An ECG
was performed, and troponin Ic was measured at 6 hours
and daily for 3 days postoperatively.Assessment of autonomic cardiovascular activity
and baroreflex sensitivity. The autonomic regulation of
the cardiovascular system was assessed by measuring the
HRV and SAPV and the SBRs. Data were collected for
analysis of SBRs, HRV, and SAPV before (T0) and at 8
and 24 hours after the procedures (T8 and T24). In the
CEA group, the data were collected before the cervical
block at T0.
At each of these points the respiratory rate, arterial
pressure, and ECG were recorded for 10 minutes in the
supine position. The respiratory rate was quantified by the
impedance method with a belt positioned around the rib
cage (TSD 101C, Biopac Systems, Inc, Santa Barbara,
Calif). The analog signal outputs of the monitor (Eagle,
Marquette Electronics Milwaukee, Wisc) were connected to
an analog-to-digital converter (MP100 workstation, Biopac
Systems, Inc) for data acquisition, storage, and analysis with a
computer. Systolic (SAP) and diastolic (DAP) arterial pressure
andECG signals were digitized (250Hz) and processed by an
algorithm based on feature extraction to detect and measure
the characteristics of AP cycle and R-wave (Acqknowledge
3.5, Biopac Systems, Inc). RR interval was calculated as
time in milliseconds, measured between two successive
R-waves, and SAP was extracted from the signal.
Spectral analysis. Spectral analysis was performed us-
ing a Fast Fourier Transform (FFT) algorithm as previously
described.12 A resampling rate of 10 Hz was chosen with-
out interpolation, that is RR interval and SAP values were
replicated every 0.1 second until a new cycle occurred
within a 0.1-second window. SAP and RR interval signals
were then transformed to frequency domain with the FFT
algorithm by using a 1024-point stationary time series,
which corresponds to a time period of 102.4 seconds at our
sampling rate of 0.1 second.
Separate power spectra were constructed for SAP and
RR-interval. Spectral powers for both HRV and SAPV
comprised three frequency domains: total power (0.05 to
0.5 Hz), a low frequency (LF) component (0.05 to 0.15
Hz), and a high frequency (HF) component (0.15 to 0.50
Hz). Power of the RR interval and SAP spectrum had units
of ms2 and mm Hg2. The normalized low and high fre-
quency power (LF normalized units, HF normalized units)
calculated as a percentage of the overall variability was used
for calculation and statistical analysis.13
Baroreflex sensitivity. In this study, we used two
noninvasive methods previously described14 to assess SBRs
at the three studied points, the sequence and the cross-
spectral method. The sequence method was used to calcu-
late sensitivity of the cardiac baroreflex during spontaneous
fluctuations of SAP and RR interval.15,16 The computer
software examined each data recording to select all se-
quences of three or more successive heartbeats in which
there were concordant increases or decreases in SAP and
RR interval. A linear regression was applied to each of the
sequences, and an average regression slope was calculated
for the sequences detected during each recording period.
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represents the mean cardiac SBRs for that time period
(Fig 1).
The closed-loop spectral analysis method was also used
to determine the SBRs.9 Transfer function analysis was
used to assess the relationship between spontaneous SAP
and RR interval fluctuations in the frequency domain. The
gain was calculated for the LF and the HF band when the
coherence was 0.5 in these frequency bands. The gain
function defines the ratio between changes in RR interval
and in SAP (ms/mm Hg) at any given frequency.17,18
Statistical analysis. On the basis of a 30% relevant
increase or decrease of SBRs, we calculated that 10 patients
in each group could test the null hypothesis (the absence of
SBRs modification after CAS or CEA) at 0.05 significance
with a power of 0.80. The effect of the procedure on
autonomic cardiovascular activity and SBRs was analyzed
by the nonparametric Friedman’s test. The Student-
Newman-Keuls post hoc test was used when significance
was achieved (P .05). The baseline data between the two
groups were compared using the nonparametric Mann-
Fig 1. Schematic representation of the sequence method of
baroreflex sensitivity assessment.A,Computer software selected all
sequences of three or more successive heart beats in which there
were concordant increases or decreases in systolic arterial pressure
(SAP) and RR interval. B, Plot shows all sequences of SAP and
RR-interval from panel A, with linear regression applied to all. The
heavy line is the average regression slope and represents the barore-
flex sensitivity in ms/mm Hg. ECG, electrocardiogram.Whitney U test. The 2 test was used to compare themedical history between the two groups. Data are ex-
pressed as median (interquartile range).
RESULTS
Ten consecutive patients (American Society of Anes-
thesiologists status 2-3) were included in each group. The
two groups had similar medical histories and demographic
characteristics (Table I).
Clinical data. The SAP and DAP and heart rate re-
corded at each time period are presented in Table II.
Compared with baseline, the postoperative period was as-
sociated with lower SAP and DAP and a trend towards
lower heart rate in the CAS group, whereas no significant
change was observed in the CEA group. Three of 10
patients in the CAS group showed hypotension (SAP 90
mm Hg) during the postoperative period and received
norepinephrine during the first 24 hours. Only one of the
10 in the CEA group required norepinephrine during the
postoperative period. In each of these patients, the infusion
was stopped 2 hours before sampling at each of the time
periods. In three of 10 patients in each group, ACE inhib-
itors or calcium-channel blockers were not administered at
24 hours because of low blood pressure. None of the
patients demonstrated severe hypertension (SAP190mm
Hg). No cardiac or neurologic postoperative complications
were observed in either group.
Spontaneous cardiac baroreflex assessment. SBP
calculated using the sequences method (slopes) and the
cross-spectral analysis (LF and HF gains) are presented in
Fig 2. Regardless of the method of calculation, SBRs at
baseline were similar in the two groups. CAS was associated
with an increase of the SBRs calculated at T8 and T24, but
no change of SBRs was demonstrated after CEA. However,
the one patient with severe postoperative hypotension in
the CEA group had a marked increase in SBRs after endar-
terectomy (9.6 at T24, 12.9 at T8 vs 8.1 at T0).
Cardiovascular autonomic activity assessment. The
different components of spectral analysis of HRV and
Table I. Demographic, clinical, and angiographic
characteristics
CAS (n  10) CEA (n  10)
Gender, F/M 3/7 2/8
Age (year) 70 (64-73) 69 (62-70)
Weight (kg) 69 (66-73) 68 (62-81)
Medical history (n)
Myocardial infarction 1 0
Hypertension 8 8
Diabetes mellitus 5 2
Medication (n)
-blockers 7 5
Ca2-channel blockers 7 2
ACE inhibitors 1 4
Degree of stenosis (%) 80 (80-85) 80 (80-85)
CAS,Carotid angioplasty and stenting;CEA, carotid endarterectomy;ACE,
angiotensin-converting enzyme.
Data are expressed as median (interquartile range).SAPV are summarized in Table III. At baseline, both
*P
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SAPV. After CAS (T8 and T24), an increase of the HF
component and a decrease of the LF/HF ratio of HRV
were demonstrated, associated with a marked decrease of
the LF component of SAPV. The graphic spectral analysis
of one specific patient from the CAS group is represented in
Fig 3. No significant change of HRV or SAPV was demon-
strated after CEA.
DISCUSSION
We have demonstrated that after CAS, SBRs assessed
either by the sequences method or by cross-spectral analysis
increased in the initial postoperative 24 hours. In addition,
using spectral analysis of HRV and SAPV, we have shown
an increase of the HF component of HRV associated with a
decrease of the LF component of SAPV suggests increased
baroceptor activity. The postoperative period was also as-
Fig 2. The spontaneous cardiac baroreflex sensitivity a
carotid artery angioplasty and stenting (white box) or ca
(slope in ms/mm HG) and (B, C) cross-spectral analysi
C, High frequency (0.15 to 0.5Hz) gain in ms/mmHg.
Table II. Postoperative hemodynamic profiles after caroti
CAS (n  10)
T0 T8
SAP (mm Hg) 173 (162-190) 122* (109-143) 136*
DAP (mm Hg) 71 (61-78) 53* (50-58) 50*
HR (beat/min) 62 (58-65) 55 (48-57) 57
CAS, Carotid angioplasty and stenting; CEA, carotid endarterectomy; T0, T
arterial pressure; HR, heart rate.
Data are expressed as median (interquartile range).
*P  .05 vs T0.sociated with a decrease of arterial pressure after CAS.Conversely, no significant change of autonomic cardiovas-
cular activity was observed after CEA.
The baroreflex sensitivity is often estimated in clinical
studies as heart rate response during incremental changes in
blood pressure induced by intravenous injection of vasoac-
tive drugs.19 In contrast, we estimated the SBRs using
noninvasive sequence and cross-spectral analysis meth-
ods. The sensitivity calculated by each method has been
shown to reflect values obtained using pharmacologic
methods.10
In the sequences method, the SBRs defined by the ratio
of change in the RR interval to change in SAP yields a
reliable index of parasympathetic responsiveness of the
baroreflex under resting conditions.10,20 The cross-spectral
analysis investigates the relationship between oscillations of
two signals in a specified frequency band. The gain calcu-
lated in the LF band has been demonstrated to be an
ed at baseline (T0), 8 (T8), and 24 (T24) hours after
endarterectomy (black box) by (A) sequences method
Low frequency (0.05 to 0.15 Hz) gain in ms/mm Hg.
.05 vs T0. Whiskers designate maximum andminimum.
ioplasty and stenting or carotid endarterectomy
CEA (n  10)
T0 T8 T24
-143) 160 (146-172) 150 (122-165) 134 (125-141)
54) 73 (63-78) 68 (54-75) 62 (56-66)
60) 60 (55-69) 61 (53-70) 66 (57-81)
4, times at 0, 8 and 24 hours; SAP, systolic arterial pressure; DAP, diastolicssess
rotid
s. B,d ang
T24
(121
(47-
(55-
8, T2appropriate index of the SBRs.21
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vasive mean of quantifying the cardiac autonomic input.
The HF peak represents respiratory sinus arrhythmia and is
an indicator of parasympathetic efferent activity.22 The LF
oscillations of HRV seem to be subject to both sympathetic
and parasympathetic influences.23 Despite its mixed origin,
some studies indicate that the LF component when mea-
sured in normalized units reflects the sympathetic control
on the cardiac sinus node.9,22 The LF/HF ratio is proposed
to mirror the sympathovagal balance that reflects the auto-
nomic state resulting from the sympathetic and parasympa-
thetic influences on the sinus node.18
In the present study, we evaluated the peripheral sym-
pathetic activity using the LF component of SAPV. This LF
component increases in conditions associated with sympa-
thetic activation and appears as a marker of changes of
sympathetic efferent activity to peripheral vasculature.24,25
The increase of SBRs in the present study thus suggests a
persistent activation of baroreflex up to 24 hours after CAS.
This hypothesis is confirmed by the spectral analysis find-
ings. Indeed, the increase of the HF component of HRV
together with a decrease of the LF/HF ratio observed after
CAS suggests that there is an increase of the parasympa-
thetic drive on the sinus node. It was associated with
decreased peripheral sympathetic activity as suggested by
the decrease of the LF component of SAPV. These findings
strongly suggest cardiac and vascular baroreflex response.
This baroreflex activation may result in the low level of
blood pressure (decreased sympathetic activity and para-
sympathetic activation) as observed after CAS. Bagshaw
and Barrer26 supported this hypothesis by showing that
carotid angioplasty in dogs resulted in a steady state in-
crease in baroreceptor stimulation and carotid sinus nerve
firing that persisted for days.
In our study, carotid stent placement might have pro-
longed carotid baroreceptor stimulation or induced a real
Table III. Spectral analysis of RR interval variability and s
CAS (n  10)
T0 T8
RF (mHz) 250 (250-300) 250 (250-300) 290 (
HRV
Total power
(ms2)
577 (207-1779) 634 (253-1560) 536 (
LF nu 26.6 (14.6-33.2) 18.4 (10.5-21.3) 19.9 (
HF nu 8.6 (6.1-44.5) 43.8* (11.6-54.9) 17.1 (
LF/HF 2.3 (0.7-4.5) 0.8* (0.2-1.9) 1.0*(
SAPV
Total power
(mm Hg2) 23.0 (15.0-33.0) 15.0 (10.0-19.0) 13.0 (
LF nu 17.1 (12.6-29.2) 6.9* (4.8-8.7) 10.7* (
HF nu 20.8 (15.0-29.6) 19.8 (20.7-55.4) 19.6 (
CAS, Carotid angioplasty and stenting; CEA, carotid endarterectomy; T0, T
arterial pressure variability; LF, low frequency normalized unit (0.05-0.15 H
Data are expressed as median (interquartile range).
*P  .05 vs T0.alteration of the stretched baroreceptors. The clinical statusand the age of the patients may also have influenced our
autonomic estimates. Most of the patients had ischemic
heart disease, diabetes mellitus, and hypertension. These
conditions are known to alter the baroreflex function,18,27
and the SBRs calculated in our patients at baseline was low
compared with previous results obtained in healthy young
subjects.10,12 Thus, the alteration of the contralateral carotid
and aortic baroreceptors may hinder the inverse baroreflex
response from the other side and potentially emphasize the
hypotension observed after CAS in our study.
We did not observe any change in HRV or SAPV or in
baroreflex sensitivity after CEA. At this time, the influence
of CEA on the baroreflex is not clearly elucidated. Sigaudo-
Roussel et al28 recently reported an SBRs decrease in 60
patients 2 days after CEA with no modification of spectral
components. Hirschl et al29 used a pharmacologic method
tomeasure SBRs in 84 patients undergoingCEA and found
that the sensitivity was increased in 31 patients but was
decreased or unchanged in 53 other patients. The presence
of an intact or cut nerve to the carotid sinus or of edema-
tous and less distensible endarterectomized wall in the
carotid bulb, or both, may explain these dissimilar results
and also affect our results.
Another factor in our study is that the cervical block
may have influenced the autonomic estimates. This is un-
likely, however, because the baroreflex function seems to
remain intact after cervical block. Using cross-spectral anal-
ysis, Landesberg et al30 observed a step increase in barore-
flex sensitivity immediately after carotid artery declamping
in patients undergoing CEA under cervical block.
Our findings may have some clinical implications. We
have demonstrated that CAS is mainly associated with
hypotension during at least the initial 24 hours after the
procedure. Severe postoperative hypotension occurred in
30% of our patients. This result is in agreement with a
recent study focusing on the postoperative period after
ic arterial pressure variability
CEA (n  10)
T0 T8 T24
00) 250 (225-280) 250 (250-260) 270 (200-300)
390) 661 (220-1626) 698 (193-1181) 546 (171-1535)
-28.5) 28.3 (26.4-37.8) 22.6 (15.6-29.5) 21.3 (5.5-26.5)
48.1) 13.9 (8.0-34.4) 22.1 (5.5-38.3) 14.0 (3.7-20.9)
.4) 2.4 (0.8-3.3) 1.2 (0.5-4.3) 1.5 (0.6-3.5)
0.0) 18.0 (16.0-31.0) 18.0 (8.0-28.0) 14.0 (7.5-25.6)
4.2) 24.0 (23.2-30.3) 23.9 (15.4-54.1) 15.2 (10.3-33.9)
29.5) 31.8 (11.6-44.5) 21.6 (17.7-14.3) 19.8 (13.8-28.3)
4, times at 0, 8, and 24 hours; HRV, RR interval variability; SAPV, systolic
F, high frequency normalized unit (0.15-0.5 Hz).ystol
T24
200-3
416-2
14.28
11.1-
0.4-1
9.0-2
8.5-1
13.6-
8, T2
z); HCAS. In 54 consecutive patients undergoing CAS, Qureshi
CAS
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incidence of bradycardia in the first 24 hours after the
procedure. We used norepinephrine to treat this hypoten-
sion, and the inhibition of vascular sympathetic tone ob-
served after CAS may justify the use of vasopressor agents.
In contrast, some authors propose the use of an intermit-
tent pacemaker to prevent the hypotension.31
The same hemodynamic instability is reported after
CEA, but it seems to occur less frequently and predom-
inantly in the first 6 hours postoperatively.7,32 Our data
show very few critical hemodynamic events after CEA;
however, the entire postoperative period was not stud-
ied.
Regardless, after CEA, hemodynamic instability might
be involved in surgical morbidity and mortality, especially
for stroke and cardiac complications.8 Furthermore, at the
present time, CAS has been indicated mainly for patients at
high risk for CEA, but the consequence of the high inci-
Fig 3. Spectral analysis of heart rate variability (HRV)
Fourier Transform algorithm in one representative patie
CAS (T8, T24), the high frequency (0.15 to 0.5 Hz) com
and the low frequency (0.05 to 0.15 Hz) component
T0, Baseline; T8, 8 hours after CAS; T24, 24 hours afterdence of hemodynamic instability on the postoperativemorbidity and mortality is not elucidated.32,33 At a mini-
mum, such demonstrated hemodynamic instability should
serve to encourage postprocedural monitoring of blood
pressure and heart rate in patients undergoing CAS.
The major limitation of our study is the small sample
size, which provides only limited statistical power for com-
parison between groups. Thus, this study was primarily
designed to evaluate intragroup modifications of the
baroreflex function. The cardioactive medications were
similar in the two groups of patients; nevertheless, it might
have influenced our results. Relating to the effects of these
cardioactive medications on autonomic cardiovascular ac-
tivity, -blockers are probably the most active, and they
have been demonstrated to decrease the sympathovagal
ratio.34,35 However, as the -blockers were similarly pre-
scribed in the two groups and never discontinued during
the study, it is unlikely that the differences evidenced (ie,
increase of baroreflex sensitivity after CAS) would be due to
and blood pressure variability (SAPV) (B) using a Fast
the carotid angioplasty and stenting (CAS) group. After
ent of HRV was increased with an increased RR interval
PV was decreased with lower systolic arterial pressure.
.(A)
nt in
pon
of SA-blocker medications.
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vestigate the autonomic system. Spectral analysis using the
FFT provides reliable information only if these data remain
relatively stable throughout the period of analysis, which is
not always provided by biologic signals. Other methods
have been developed to overcome this issue, such as the
time-frequency method or the nonlinear method, but these
are not currently used in clinical studies.34
CONCLUSION
In the current study, we observed a decrease in periph-
eral vascular sympathetic activity associated with increased
parasympathetic activity likely resulting from an increase of
baroreflex output, possibly in response to carotid barore-
ceptor distension during CAS. This might explain the
hypotensive and bradycardic episodes seen after CAS. On
the other hand, CEA was associated with a very low rate of
cardiovascular postoperative events with an absence of sig-
nificant baroreflex stimulation. Further studies in a larger
group of patients will be necessary to confirm these findings
and assess the impact of this autonomic instability on
postoperative morbidity, particularly since high-risk pa-
tients have been considered good candidates for CAS.
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